Antibodies against PD1 have been used to treat progressive multifocal leukoencephalopathy (PML), a rare brain disease caused by JC virus. We used these antibodies (nivolumab) to treat PML in 3 kidney transplant recipients. All died within 8 weeks of diagnosis. Hence, nivolumab did not improve PML outcome after solid organ transplantation.
T he role of T-cell exhaustion in the development of progressive multifocal leukoencephalopathy (PML), a rare brain disease caused by JC virus, has prompted clinicians to use immune checkpoint inhibitor molecules to treat JC virus-infected patients. Recently, Cortese et al. (1) used antibodies against PD1 to treat PML in 8 patients (6 with a history of blood disorders and 2 with HIV infection). They noted improvement or stabilization of symptoms for 5 patients but no benefit for the others.
Since 2017, we have treated PML in 3 kidney transplant recipients with a definitive diagnosis, according to the American Academy of Neurology (https://www.aan.com) consensus, made 5 (range 2-17) years after transplantation. We have compiled clinical and radiologic findings for these patients (Appendix Figures 1-3 , https://wwwnc.cdc.gov/ EID/article/25/11/19-0705-App1.pdf). Since transplantation, the patients had been receiving mycophenolic acid and steroids with either belatacept (n = 1) or tacrolimus (n = 2). At PML diagnosis, immunosuppressants were immediately withdrawn, and nivolumab (antibodies against PD1) was given at a dose of 3 mg/kg every 15 days (2 injections for 2 patients and 3 injections for 1) (Table) . For the patient who had received belatacept, we performed 3 apheresis sessions to remove the drug before nivolumab initiation. All patients died within the first 8 weeks after PML diagnosis because of rapid progression of neurologic symptoms.
Magnetic resonance imaging was performed before each injection and a few days before death, but images showed no signs of immune reconstitution inflammatory syndrome. Conversely, images did show progression of PML features. As expected, the percentage of T cells expressing PD1, which was assessed for 2 patients, dramatically decreased after receipt of nivolumab (Appendix Figure 4) , whereas other inhibitory receptors tested (2b4 and CD160) remained stable or increased. In addition, functional analysis showed a reduction of cytokine production by CD4+ and CD8+ T cells and an improvement of cytotoxic ability, a phenotype compatible with more terminally differentiated exhausted cells, which are less likely to respond to anti-PD1 immune checkpoint inhibitor (2) .
Research has suggested that PML could occur at any time after transplantation (3), even several years after engraftment, which was the case for the 3 patients reported here. As opposed to the results reported by Cortese et al. (1) , the outcomes for the 3 patients we report, who received nivolumab, was very bad and in line with the PML outcomes usually reported after solid-organ transplant patients (i.e., median survival time <6 months) (3). The difference between the patients reported by Cortese et al. and the patients that we report is probably use of immunosuppressive agents (calcineurin inhibitors or costimulation blockers) that can lead to persistent T-cell dysfunction, despite withdrawal of these treatments, resulting in refractory T-cell dysfunction after use of anti-PD1 blockers, as reported in ex vivo experiments (4). This hypothesis is supported by the absence of kidney rejection in 2 of the 3 patients. Of note, all 5 patients reported by Cortese et al. (1) for whom anti-PD1 blockers were efficient were not receiving immunosuppressive therapy at PML diagnosis. Moreover, the 3 patients reported here had profound lymphopenia at diagnosis, which for 2 patients did not improve after receipt of nivolumab (Table) . Although there is no established relationship between the severity of lymphopenia and the response to anti-PD1, the 3 patients with unfavorable outcomes reported by Cortese et al. (1) also had severe lymphopenia. This finding suggests that immunotherapies can be ineffective in patients with severe lymphopenia. The use of ex vivo expanded, BK virus-specific T cells (5) should be tested in this setting. For the kidney transplant patients with PML reported here, use of nivolumab, associated with immunosuppressive therapy withdrawal, did not restore efficient immune response and did not improve the outcomes.
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